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1 
This invention relates t0 processes or proce- 
dures particularly adapted for preventing, oreak- 
Lug, or resolving emulsions of the wateï-in-oil 
type and particularly petroleum emulsions. 
Complementary to the above aspect of the in- 5 
vention herein disclosed is my companion inven- 
tion concerned with the new chemical products 
or compounds used as the demulsifying agents 
in said aforementioned processes or procedures, 
as well as the application of such chemical prod- 10 
ucts, compounds, or the like, in various other 
arts and industries, along with the method for 
manufacturing said new chemical products or 
compounds which are of outstandingvalue in de- 
m,lsification. Sec my co-pending application, 15 
Seriai No. 214,002, filed.March 5, 1951. 
Rïy prescrit invention provides an economical 
and rapid process for resolving petroleum emul- 
sions of the water-in-ofl type tha are common- 
ly referred fo as "cut off," "rofly off,"/'emulsified 0 
off," etc., and which comprise fine droplets of 
naturatly-occurring watts or brines dispersed 
in a more or less permanent state throughout 
the off which constitutes the continuous phase of 
the emulsion. 25 
If also provides an eeonomieal and rapid proe- 
ess for separating emulsions which have been 
prepared under controlled conditions from min- 
eral oii, such as crude off and relatively soft 
waters or weak brines. Controlled emulsification 30 
and s.ubsequent demulsification, under the condi- 
tions just mentioned are of sgnificant value in 
removing impurities, particularly inorganic salts, 
from pipeline off. 
Demulsification as contemplated in the present 
application includes the preventive step of com- 
mingting the demulsifier .with the aqueous com- 
ponent which would or might subsequently be- 
corne either phase of the emulsion in the absence 
of such precautionary measure, similarly, such 40 
demulsifier .may be mLed with the hydrocarbon 
component. 
The present invention is concerned with a 
process for breaking petroleum emulsions ïoy 
means of fractional esters obtained fr0m a poly- 5 
carboxy acid and oxypropylated 4A' dihydroxy- 
diphenyl sulfone. Such4,4' dihydroxydiphenyl 
sulfone is treated .with propylene oxide so that 
the molecular weight :based on the hydroxyl num- 
ber is in the range of approximaly 1,000 to ap- 50 
proxhnately 5,000. Such oxypropylated deriva- 
rives are invariably xylene-soluble and water- 
insoluble. When the molecular weight, based on 
the. hydroxyl value, is modestly in excess of 1,000, 
for instance, 1,200 to 1,500, and higher, the oxy- 55 

2 
propylated product is kerosene-soluble. My 
preference is fo use an oxypropylated 4,4' dihy- 
droxydiphenyl sulfone which is kerosene-soluble 
as an intermediate for combination with poly- 
carboxy acids as hereinafter described. S.uch 
terification procedure yields fractional esters 
which serve for the herein described purpose. 
As hereinafter pointed out, however, one need 
hot necessarily use the 4,4' sulfone .but for the 
reason that the 2,4' isomer is the ovious func- 
tional equivalent and is just as satisfactory this 
applies, also, to a mixture of the two which 
more economical to use as descried subsequently. 
As is well known, 4,4' dihydroxydiphenyl sul- 
fone is a chemical compound having the follow- 
ing formula: 
o 
o 
If for convenience the sulfone is indicated thus: 
HO--I'--OH 
the product, obtained by oxypropylation may 
indicated thus: 
vith the roviso that n and n' represent whole 
numbers, whieh, added together, equal a sure 
varying ïrom 15 to 80, and the aeidie ester ob- 
tained by reaction of the polycarboxy acid may 
e indicated thus: 
o. o 
(o o C)...R ](o cm).0 R'0(Cmo)., (C 0 0).,, 
35 in which the characters have their previous sig- 
nificance, and W' is a whole number hOt over 2 
and 1 is the radical of the polycarboxy radical: 
COOH 
R 
(C00H).,, 
and preferably free from any radicals having 
more than 8 uninterrupted carbon atoms in a 
single group, and with the further proviso that 
the parent diol prior te esterification be prefer- 
ably kerosene-soluble. 
Attention is directed fo the co-pending apPli- 
cation of C. M. Blair, Jr., Serial No. 70,811, filed 
January 13, 1949, now Patent 2,562,878, granted 
Agust 7, 1951, in which there is .descri.'bed, 
among other .things, a proless for breaMng 
troleum emulsions of the water-in-oil type, char- 
ucterized by subjecting the emulsion to the.ac- 
tion of.an esterifilation poduit of a dicarboxylic 
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3 
acid and a polyalkylene glycol in .vhich the ratio 
of equivalents of olybasic acid to equivalents of 
polyalkylene glycol is in the range of 0.5 fo 2.0, 
in which the alkylene group has from 2 to 3 car- 
bon atoms, and in which the molecular weight 5 
of the product is between 1,500 to 4,000. 
Sirnilarly, there bave been used esters of di- 
carboxy acids and polypropylene glycols in which 
2 moles of the dicarboxy acid ester bave been 
reacted with one mole of a polypropylene glycol 
having a molecular weight, for example, of 2,000 
so as to form an acidic fractional ester. Subse- 
quent examination of vhat is said herein in com- 
parison with the previous example as weI1 as the 
hereto appended claires will show the line of de- 15 
lineation between such somewhat comparable 
compounds. Of greater significance, however, is. 
what is said subsequently in regard to the struc- 
ture of the parent diol as compared to poly= 
propylene glycols whose molecular weights may .0 
vary from 1,000 to 2,000. 
In the instant application the initial material 
is 4,4' dihydroxydiphenyl sulfone which, although 
readily soluble in boiling water,, is almost insol- 
uble in co!d water. Itis merely a marrer of defi- 25 
nition, or rather temperature of water, to char- 
acterize the compound as water-insoluble or sol- 
uble. For convenience, so there wfll be no mis- 
understanding, it will be referred to as water-- 
insoluble. 30 
Numerous water-Lusolub]e compounds suscep- 
tible to oxalkylation, and particularly to oxyeth- 
ylation, bave been oxyethylated so as to produce 
effective surface-active agents which, in some in- 
stances, at least bave also had at least modest 35 
demulsifying property, leference is ruade to sim- 
i!ar monomeric compounds having a hydrophobe 
group containing, for example, S to 32 carbon 
atoms and a reactive hydrogen atom, such as the 
usual acids, alcoho]s, alkylated phenols, amines, 40 
amides, etc. In such instances invariably the ap- 
proach was to introduce a counterbalancing ef- 
fect by means of the addition of a hydrophile 
group, particu]ar!y ethylene oxide, or, in some in- 
stances, glycide, or perhaps a mixture, of both 45 
hydrophile groups and hydrophobe groups, as, for 
example, in the introduction of propylene oxide 
along with ethylene oxide. In another type of 
material, a polymeric material such as a resin, 
bas been subjected to reaction with an alkylene 50 
oxide inclùding propylene oxide. In such in- 
stances certain derivatives obtained from poly- 
carboxy acids bave been employed. 
Obvious]y, thousands and thousands of combi- 
nations, starting with hundreds of initial water- 55 
insoluble materials, are possible. Exploration of 
a large number of raw materials, has yielded only 
a few which appear tobe commercially practical 
and competitive with available demulsifying 
agents. 4,4' Dihydroxy diphenyI sulfone hap- 60 
pens to be one such compound. On the other 
hand, a somewhat closely comparable compound, 
p-p'-Bisphenol having the following structure: 
ïo------oH 
does not seem to yield analogous derivatives of 
nearly the effectiveness of 4,4' dihydroxy diphenyl 
sulfone. The reason or reasons for this differ- 
once, is obviously obscure and merely a marrer of 70 
speculation. 
Of course, this much is obvious in regard to. the 
sulfone as compared with p, p'-Bisphenol w,hich 
contains another element in addition to carbon, 
hydrogen and oxygen, i .e. sulfur. Furthermore, 75 

the oxygen atoms attached to sulfur in the sul- 
fone present an electronic structure not usually 
present in the absence of sulîur or a comparable 
element. 
Exhaustive oxypropylation rendors a water-sol- 
uble material water-insoluble. Similarly, it ren- 
del's a kerosene-insoluble material kerosene-sol- 
uble; for instance, reference bas been ruade to 
the fact that this is true, for example, using poly- 
propylene glycol 2000. Actually, it is true with 
polypropylene glycol having lower molecular 
weights than 2000. These materials are obtained 
by the. oxypropylation of a water-soluble kero- 
sene-insoluble material, i. e., either water or pro- 
pylene glycol. 
Just why certain different materials which are 
water-insoluble to start with and which presum- 
ably are rendered more water-insoluble by ex- 
haustive oxypropylation (if such expression "more 
water-insoluble" bas significance), can be con- 
verted into a valuable surface-active agent and 
particularly a valuable demulsifying agent by re- 
action with a polycarboxy acid which does hot 
particularly affect the solubflity one way or the 
other--depending upon the selection of the acid-- " 
is unexplainable. 
lor convenience, what is said hereinafter will 
be divided into three parts: 
Part 1 is concerned with the oxypropylation 
derivatives of 4,4' dihydroxy diphenyl sulfone; 
Part 2 is concerned with the preparation of 
esters from the aforementioned diols or dihy- 
droxylated compounds; 
Part 3 is concerned with the use of the prod- 
ucts herein described as demulsifiers for break- 
ing water-in-oil emulsions. 
In actual manufacture it is simplest to make 
a sulfone which is a mixture of 2 isomers, to wit, 
4,4J sulfone and 2,4f dihydroxydiphenyl su]fone. 
For sake of simplicity alI references to the 
sulfone are intended to include the 2,4' sulfone 
or mixtures. The preparation of the mixtures is 
described in Journal of the Chemical Society, 
1949, pages 2854-56. The article is entitled 
and 2:4'-Dihydroxydiphenyl Sulphones." The 
authors are I-Iinkel and Summers. By way of il- 
lustration the foHowing brief excerpt is included 
in-substantially verbatim form: 
"Sulphuric acid 98% (13 cc., 1 mol.) was 
added to phenol (53 g., 2-5 mols.) contained in 
a distitling ilask fitted with a thermometer dip- 
ping into the reaction mixture and a receiver at- 
tached to the side-arm. The temperature of 
the mixture was quickly raised, to 165 ° and 
maintained there for 6 hours during which some 
water was evolved. The temperature was then 
maintained at 195-200 °' for a. further 6 hours 
during which more water and a little pher£ol 
distilled. Whilst still molten, the contents of 
the. fiasl were poured into water and steam-dis- 
tilled- to remove the excess of phenol. Suflicient 
boiling water was added to effect complete dis- 
solution. The solution was decolorized with 
charcoI, fitered, and left to cool, whereupon a 
mass of cr-ystals separated (43 g.). Concentra- 
tion of the aqueous nitrate to a very smaI1 bulk 
gve a further yield of crystals, M. P. ca. lï0 ° 
(6 g.) (total yield, 49 g., 86%). The product 
consists of 4:4'-dihydroxydiphenyl sulphone 
containing approx. 16% of the 2:4'-isomeride. 
The two isomerides were separ.ated as described 
later. 
"If, in the above, experiment, the initial mix- 
ture was kept. at 25-3.0?-for 3 days before being 
heated as. described above, .the yield of sulphones 
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Was 78% and they contained approx. 24% of the 
2:4'-isomeride. The final aqueous filtrate from 
the sulphones was neutralised with aqueous am- 
monia and concentrated; a slight excess of a 
warm saturated aqueous solution oï p-toluidine 
hydrochloride was added. On cooling, p-tolui- 
dine phenol-p-sulphonate separated; this crys- 
tallised from aqueous alcohol in prismatic crys- 
tals, 1VL P. 211 °, unchanged by admixture with an 
authentic specimen (Found: N, 4.9; S, 11-1. 
C13H150NS requires N. 5.0; S, 11.3%). 
"'Separation o/Isomers.--The well-dried crude 
product was dissolved in the minimum quantity 
of boiiing acetone. Warm benzene (twice the 
volume of acetone used) was then added and 
the mixture set aside overnight in a cool place. 
A considerable quantity of solvate was deposited 
as prismatic crystals (A). These were removed 
and heated fo 120 ° fo remove the combined ben- 
zene (Found: loss on heating, 23.9. C12I-IoO4S, 
C6H6 requires C6I-I6,23.8% ). The resulting 4:4'di- 
hydroxydiphenyl sulphone, which melted at 
246-247 ° still contained traces oï the 2:4'-isom- 
eride and was again subjected fo the acetone- 
benzene treatment. The crystals so obtained 
were added to boiling water, whereupon they dis- 
solved with brisk evolution of benzene. The 
aqueous solution on cooling yielded 4:4'-dihy- 
droxydiphenyl sulphone as very long needles, 
M. P. 249-5 °. Further similar treatment witt 
acetone-benzene did hot raise the M. P.. The 
dimethoxy-derivative, prepared in the usual 
manner and crystallised ïrom alcoho!, melted at 
132 ° (1V-achek and I-Iaas give M. P. 130-5°). The 
dibenzoate, prepared in the usual way, crystal- 
lised from alcohol in needles, M. P. 248-5 ° 
(Found: C, 68.3; I-I, 4.05; S, 7.0. C24H806S re- 
quires C, 68.1; I-t, 3.9; S, 7.0%)." 
PAl%T 1 
For a number of well known reasons equipment, 
wheiher laboratory size, semi-pilot plant size, 
pilot plant size, or large scale size, is hot, as a 
rule, designed for a particular atkylene oxide. 
Invariably and inevitably, however, or particu- 
larly in the case of laboratory equipment and 
pilot plant size, the design is such as to use any 
of the customarily available alkylene oxide, i. e., 
ethylene oxide, propylene oxide, butylene oxide, 
glycide, epichlorohydrin, styrene oxide, etc. In 
the subsequent description of the equipment it 
becomes obvious that it is adapted for oxyethyla- 
tion as well as oxypropylation. 
Oxypropylations are conducted under a wide 
variety of conditions hot only in regard to pres- 
ence or absence of catalyst and the kind of 
cata!yst, but also in regard to the rime of reaction, 
temperature of reaction, speed of reaction, pres- 
sure during reaction, etc. For instance, oxyalky- 
lations can be conducted at temperatures up to 
approximatety 2O0 ° C. with pressures in about 
the same range up to about 2OO pounds per square 
inch. They can be conducted also at tempera- 
tures approximating the boiling point of water 
or slightly above, as, for example, 95 ° fo 120 ° C. 
Under such circumstances the pressure will be 
less than 3O pounds per square inch unless some 
special procedure is employed as is sometimes 
the case, to wit, keeping an atmosphere of inert 
gas such as nitrogen in the vessel during the 
reaction. Such low-temperature-low reaction 
rate oxypropylations have been described very 
completely in U. S. Patent No. 2,448,664, to H. l. 
File, et al., dated September 7, 1948. Low- 
temperature-low pressure oxypropylations are 

particularly desirable where the compound be- 
ing subjected to oxypropylation contains one, two, 
or three points oï reaction only, such as mono- 
hydric alcohols, glycols and triols. 
5 Since low-pressure-low-temperature reaction 
speed oxypropylations require considerable rime, 
îor instance, 1 fo 7 days of 24 hours each to. 
complete the reaction, they are conducted as a 
rule whether .on a laboratory scale, pilot plant 
10 scale, orlarge scale, so as to operate automati- 
cally. The prior figure of seven days applies 
eipecially tolarge-scale operations. I have used 
conventional equipment with two added auto- 
matic features: 
15 (a) A solenoid-c0ntrolled valve which shuts 
off the propylene oxide in event that the tem- 
perature gets outside a predetermined and set 
range, ïor instance, 95 ° to 120 ° C.; and 
(b) Another solenoid valve which shuts off 
20 the propylene oxide (or for that matter ethylene 
oxide if it is being used) if the pressure gets be- 
yond a predetermined range, such as 25 to 35 
pounds. 
Otherwise, the equipment is substantially the 
25 same as is commonly employed for this purpose 
where the pressure of reaction is higher, speed of 
reaction is higher, and rime of reaction is much 
shorter. In such instances such automatic con- 
trols are hOt necessarily used. 
80 Thus, in preparing the various examples I 
bave ïound it particularly advantageous to use 
laboratory equipment or pilot plant which is de- 
signed to permit continuous oxyatkylation, 
whether if be oxypropylation or oxyethylation. 
35 Vith certain obvious changes the equipment can 
be used also fo permit oxyalkylation -involving the 
use of glycide where no pressure is involved ex- 
cept the vapor pressure oï a solvent, iï any, which 
may have been used as a diluent. 
4O As previously pointed out, the method of 
using propylene oxide is the same as ethylene 
oxide, ihis point is emphasized only for the 
reason that the apparatus is so designed and 
constructed as to use either oxide.  
45 The oxypropylation procedure employed in the 
preparation oï the oxyalkylated derivatives bas 
been uniformly the saine, particularly in light 
oï the ïact that a continuous automatically-con- 
trolled procedure was employed. In this proce- 
5O dure the autoclave was a conventional autoclave 
ruade of stainless steel and having a capacity of 
approximately 15 gallons and a working pressure 
of one thousand pounds gauge pressure. This 
pressure obviously is far beyond any requirement 
55 as ïar as propylene oxide goes unless there is a 
reaction of explosive violence involved due to 
accident. The autoclave was equipped with te 
conventional devices and openings, such as the 
variable-speed stirrer operating at sPeeds ïrom 
6O 50 1% P. M. to 500 l. P. M.; thermometer well and 
thermocouple ïor mechanical thermometer; 
emptying outlet; pressure .g.auge, manual vent 
line, charge hole ïor initial reactants; at least 
one connection for introducing the alkylene oxide, 
65 such as propylene oxide or ethylene oxide, to the 
bottom oï the autoclave; along with suitable de- 
vices for both cooling and heating the autoclave, 
such as a cooling jacket, and preferably, coils in 
addition thereto, with the jacket so arranged that 
70 it is suitable ïor heating with steam or cooling 
with water and ïurther equipped with electrical 
heating devices. Such autoclaves are, oï course, 
in essence, small-scale replicas oï the usual con- 
ventional autoclave used in oxyalkylation pro- 
75 cedures. In some instances in exploratory prep- 
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arations an autoclave having a smaller capacity, 
for instance, approximately 5/2 liters inone case 
and about 1% gallons in another case, was 
used. 
Continuous operation, or aubstantially con- 
tinuous operation, was achievel by the use of a 
separate container te hold the alkytene oxide 
being erployed, pm-ticularlypropylene oxide: n 
conjunction with the smaller autoclaves the con- 
tiner consists essentially of. a. laboratory bomb 
having a capacity of about, one-half gallon, or 
somewhat in excess thereof. In seine instances 
a larger bornb was used, te wit, one having a 
capacity of about one gallon. This_ bomb was 
equipped, aise, with an inlet for charging, and 
an eductor tube going to the bottom of the con- 
tainer se as te permit discharging of alkylene 
oxide in the liquid phase te the autoclave. A 
bomb having a capacity of about 60 ponnds was 
used in. connection with the 15-gallon autoclave. 
Othm- conventional equipment consists; of course,. 
of the rupture disc, Pressure gauge; sight feed 
glass, thermometer con.nection for nitrogen for 
pressuring bomb, etc. The bomb was placed on a 
sca!e during use. The connections between the 
bomb and the autoclave were flexible stainless 
steel hose or tubing se that continuous weighings 
could be ruade without breaking or-making any 
connections. This applies also te the nitrogen 
line which was used te pressure the bomb reser- 
voir. Te the extent that it was required any 
other usual conventional procedure or addition 
which provided greater safety was used, of course, 
such as safety glass, protective screens etc: 
Attention is directed again to what. has been 
said previously in regard te automatic controls 
which shut off the propylene oxide in event  tem- 
perature of reaction passes out of the predeter- 
mined range or if pressure in the autoclave passes 
out of predeterrnine.d-range. 
With tlis particular arrangement practically 
ail oxypropylations become uniform inthat the 
reaction temperature was held within a few de- 
grees of any selected point, for instance, if 105 ° C. 
was selected-as the operating tempm-ature the 
maximum point would be ai the móst 110 ° C. or 
I12 « C., and the- lower point would be 95 ° or pos- 
sibly 93 ° C. Similarly; the pressure was held 
ai approximately 30 pounds-within s, 5-pound 
variation one way or the other but might drop te 
practically zero, especially where no se!vent such 
as xylene was employed. The speed of reaction 
was comparatively slow under such conditions 
as compared with oxyalkylations at 200 ° C. 
Nuïnerous reactions were conducted in which the 
time varied from one day (24 hours)., up te three 
days . (72 hours), for completion of the final 
member of a series. In some instances, the re- 
action may take place in considerably less rime, 
i. e., 24 hours or less, as far as a partial oxy- 
propylation is concerned. The minimum rime 
recorded was about a 4-heur period in.a single 
stop. Peactions indicateoE as being complote in 
!0 hours _ay have been complote  in a fesser 
period of rime ïn light of the automatic equip- 
ment employed. This apDlies also where the 
reactions were complote in a shorter period of 
rime, for instance, 4 te 5 hours, in çhe addition 
of Dropylene oxide, in the autoclave equipment 
as far as possible the valves wee set se all the 
pïopylene oxide, if fed continuously, would be 
added ai a rate se that the predetermined amount 
would react within the first 15 hours of the 24- 
heur period or two-thirds of any shorter period. 
This meant that if the reaction was interrnpted 

automatically for a period of rime for pressure te 
drop or temperature te. ch'op, the predetermined 
amount of oxide would stil! be added, in most in- 
stances, well within, the predetermined rime 
5 period. Sometimes where the addition was a 
comparatively small amount in a 10-heur period 
there woul& be an unquestionable speeding up 
of. the reaction by simply repeating the exarnples 
and.using 2, 3, or 4 hours instead of 5 hours. 
1.0 When opeïating ai a comparatively high tem- 
perature, îor instance, be£ween 150 ° te 200 ° C., 
an unzeacted alkylene oxide, snch as prop:lene 
oxide, makes ifs presenca felt in the increase in 
pressuïe or the consistency of a higher pres- 
1.5 sure. I-Iowever, ai a low enough temperature it 
may happen that the propylene oxide goes in as a 
liquid. If se; and if. if remains unreacted, there 
is,_ of course, an inherent danger and appropriate 
steps must be taken te safeguard against this 
9.! possibility; if need be, a sample rnust be with- 
drawn and examined for unreacted propylene 
oxide. One obvious procedure, of course, is te 
oxypropylate ai a modestly higher temperature, 
for instance, ai 140 ° te I50 ° C. Unreacted oxide 
25 affects determination of the acetyl or hydroxyl 
value of the hydroxylated compound obtained. 
The higher the molecular weight of the com- 
lOUnd, i. e., towards the latter stages of reaction, 
the longer the rime required te add a giron 
Z0  amount of oxide. One possible explanation is 
that the molecule being, larger the opportunity 
for tandem reaction is decreased. Inversely, the 
!ower the molecular .weight the faster the re- 
action, takes place. For this reason, sometimes 
:5 ai least, increasing the concentration oi the car  
alyst does net appreciably speed up the reaction 
particularly when the product subjected te oxy- 
alkylation has a comparati:¢ely high molecular 
weight. I-Iowever, as bas been pointed out pro- 
40 viously, operating ai a-Iow pressure and a low 
temperature even in large scale operations as 
much as a week or. ton days' rime may lapse te 
obtain some of the higher moleculaz weight de- 
rivatives from monohydric or dihydric materials. 
4 In a number of operations the counterbalance 
scale or dïal scale holling the propylene oxide 
bomb was se set that when the predetermined 
amount, of propylene oxide had passed into the 
reaction the scale movement through a rime op- 
5:) m'ating device was set for either one or two 
hours se that reaction continued for I te 3 hours 
after the final addition of the_ last popylene ox- 
ide, and thereafter the-operation was shut down. 
This Particular device is particulaly suitable for 
 use on larger equilment than laboratory size au- 
toclaves, te wit, on semi-pilot plant or pilot plant 
size.as well ason largescale size This final stir- 
ring period is intended te void the presence of. 
çmzeacted oxide. 
(;,). ïn, this sort of operation, of course, the tem- 
pe:ature range was controlled automatically by 
either use of cooling water, steam, or electrical 
boat, se as te raise or lower the temperature. 
The pressuring, of the proRylene oxide into the 
05 reaction vessel was also automatic insofar that 
the feed stream was set. for a s]ow continuous 
run which was shut. oit in case the pressure 
passed- a predetermined point as previously set 
out. ,AI the Points-of design, constzoEction, etc., 
7o were convention.a.l including the gases, chezk 
valves and entire equipment. As far as I .ara 
aware ai-leasttwo firms, and possibly three, spe- 
cialize in autoclave equipment such as I bave 
employed in the laboratory, and are prepared te 
75- f.urnish equipment o this same kind. Similarly, 
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pilo pIan equtpment ls available. Thls point is 
simply ruade as a precaution in the direction of 
safety. Oxyalkylations, part2cularly involving 
ethylene oxide, glycide, propylene oxideæ etc., 
should hot be conducted except in equipment spe- .5 
ciflcally designed for the purpose. 
Example la 
The starting maerial was commercial 4,4' 
hydroxydiphenyl sulfone. The particular auto- 
clave employed was one having a capacity of a 
little over a gallon. The speed oï the stirrer 
could te varied £rom 150 to 350 R. P. M. The 
autoclave was charged with 500 grains o£ sui- 
forte, 50 grains caustic soda, and 500 grains 
lene. The caustic soda was fmely powdered and 
so was the sulfone. The xylene added was just 
suflicient to produce a slurry. The reaction pot 
was flushed out wfth nitrogen. The autoclave 
was sealed and the automatic devices adjusted 
for lnjecting 1850 grains of propylene oxide in a 
6-bout period. The rate was set for about 4OO to 
450 grains per bout. The pressure was set for a 
maximum of 35 pounds per square inch. This 
meant that the bulk of the reaction could take 
place, and probably did take place, af a lower 
pressure. The comDaratively low pressure was 
the result of the fact that considerable catalyst 
was present and also the reaction rime was fairly 
long, i. e., 6 hours. As indicated, the addition of 
propylene oxide was comparatively slow and, 
more important, the selected temperature was 
110 ° C., or slightly above the boiling point of wa- 
ter: The initial introduction of propylene oxide 
was hot startcd until the heating devices had 35 
raised the temperature to above 108 ° C. At the 
completion of the reaction a sample was taken 
and oxypropylation proceeded as in Example 2a, 
following. This saine example was duplicated 
and portions used for subsequent EXamples 3a, 4O 
4a, and Sa, as notcd below. 
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perature and pressure were concerned were the 
saine as in Example 2a, preceding. The oxide 
was added in 4 hours. The rate was approxi- 
mately 400 grains per bout. 
Example 4a 
1116 grains of the reaction mass identified as 
Example la, preceding, equivalent fo initially 193 
grains oï sulïone, 711 grains of the oxide, 19 
l0 grains of caustic soda, and 193 grains of solvent, 
were reacted with 348 grains of propylene oxide. 
The conditions of temperature and pressure were 
the saine as in Example 2a, preceding. The rime 
required fo aàd the oxide was 4 hours. The oxide 
15 was added ai the rate of about 125 grains per 
Examp!e 5a 
476 grains of the reaction mass identified as 
Example la, preceding equivalent initially to 
20 46.1 grains of sulïone, 379 grains of oxide, 4.6 
grains of caustic soda, and 46.1 grains of solvent, 
were reactcd with 669 grains of propylene oxide. 
The conditions of reaction, as far as tcmperature 
and pressure were concerned, were the saine as 
25 in Examp!e 2a, preceding. The rime required fo 
add the oxide was 8 hours. The rate was ai about 
150 grains per bout. 
In this particular sertes of examp]es the oxy- 
propylations covered the range .indicated. I 
30 bave conducted the saine experiments using the 
2,4' isomer or raixtu-es prepared in the manner 
described previous]y. Similarly, in other sertes I 
have continued oxypropylations so the theoret- 
ical molecular weights were approximately 9,000 
fo 10,000 with the hydroxy] molecular, weights 
between 3,500 and 4,500, 
What bas been said herem is presented in tabu- 
lar form. in Table 1, immediately following, with 
some added information ás fo molecular weight 
and as fo solubility of the reaction product in 
watcr, xylene and kerosene. 

TABLE .1  

Composition before 

Ex. No. Sulfone Oxide 
Amt., Amt., 
grs. grs. 
la ......... 500 '. ....... 
2a ......... 96 333 
3a ......... 104 i 366 
4a ......... 193 i 711 
Sa ......... 46. I ] 379 

Cata- 
]yst, 
grs. 

50 
10 
10 
19 
4.6 

 Composition at end 

Theo.. Sulfone 0xide Cata- 
Mol. Amt., Amt., lyst, 
Wt. grs. grs. grs. 
I, 025 500 1, 850 50 
3, 995 96 1,664 10 
3, 095 104 1,376 10 
1, 415 193 1,059 19 
5,178 46.1 I 1, 048 4. 6 

Mol. Wt. 
by B'yd. 
Deter- 

940 
2, 440 
1, 750 
.1,420 
2, 370 

Temp., 
°C. 

110 
115 
115 
115 
115 

Pres., 
Ibs.. sq. 

35 
35 
35 
35 

Time, 
Hrs. 

ExampZe 2a 
535 grams of the reaction mass identified as 
Example la, preceding, equivalent to initially 96 
grains of the sulfone, 333 grains of the oxide, 10 
grains of the caustic soda, and 96 grains of sol- 60 
vent were reacted with 1331 grains of propylene 
oxide. The reaction temperature was slightly 
higher than in Example la, fo wit, 115 ° C. The 
maximum pressure as in Examp]e la was 35 
pounds per square inch. The rime required to (»5 
introduce the oxide was 10 hours. It was intro- 
duced ai about the rate of 175 grains per bout. 
Example 3a 
584 grains of the reaction mass identified as 
Example la, preceding, equivalent to initially 104 
grains of sulfone, 366 grains of propylene oxide, 
10 grains of caustic soda, and 104 grains of sol- 
vent, were reacted with 110 grams of propylene 
oxide. The conditions of reaction as far as tem- 75 

Examples la through sa were insoluble in wa- 
ter, but soluble in xy]ene; Example la was in- 
so]uble in kerosene, and Examples 2a through 5a 
were so]uble in kerosene. 
In each instance there ws.s present ai the start 
of the oxypropylation an amount of solvent 
(xylene) equal in weight fo the amount of sulfone. 
Ordinarily in the initial oxypropy]ation of a 
simple compound such as ethylene g]ycol or pro- 
pylene glycol, the hydroxyl molecular weight is 
apt to approximatc the theoretical molecular 
weight based on completeness of reaction if oxy- 
propylation is conductcd slowly and ai a com- 
paratively low temperature, as described. In this 
instance., however, this does not seem to follow gs 
if is notcd in the preceding .table that the point 
where the theoretical molecular weight is approx- 
imately 3,000 the hydroxyl molecular weight is 
only about one-half this amount. This generali- 
ztion does not necessarily apply where there are 



60060 

11 
more hydïoxyls pïesent, and hoE the prenent in- 
stance the ïesults are somewhat peculiar when 
compaïed with simple dihydroxylated rnaterials 
as descïibed or with phenols. 
The fact that such pïonounced variation takes 
place between hydroxyl mo!ecular weight and 
theoïetical moleculaï weight based on complete- 
ness of reaction has been subjected to examina- 
tion and specu]ation but no sa-tisfactory rationale 
bas been suggested. When a nitroen-contain- 
ing compound is present., such as in the oxypïo- 
pylation of acetamide or polyamine, the situation 
becomes even more confused. 
One suggestion bas been that one hydroxyl 
is lost by dehydration and that this ultimately 
causes a break in the moleculaï in such a way 
that two new hydroxyls are folned. This is 
shown afteï a fashion in a highly idealized man- 
ner in the following way: 

cyz3 c[ 
r o c--c--c--x--o--c--c--c--o 
_  o--c--x--c--c--oN 
 the above formas the lare X is obviously 
noç tended to siify anytn except the cen- 
trl part of  lre molecule, hereas, s fr s 
a speculaçive explanation is concerned, one need 
only consider çhe çeïmal raoEcals as sho. 
Such suggestion is of interest onl F because if 
be a possible explanation of how an incïease in 
hydroxyl value does çake place %vhich could be in- 
terpreçed as  decrese in molecular weihç. This 
maçteï is considered subsequently in the final 
pararaphs of the nexç parç, i. e., Part 2. 
The nal products ai çhe end of the oxy- 
propylaçion step were somewhat scous liquids 
aç the most slihtly more vcous than ordinary 
po]ypïopylene lycols, wîçh « slihç amber tinç. 
%is color, of course, cou]d be removed, if desired, 
by means of bleachin c]ays, Iterin chars, or 
the like. The producçs were slihtly alkaline due 
fo çhe residual causçic soda. e residual 
bsicitF due fo the caçalys would be the same if 
sodium meçhylate had been employed. 
Needless ço say, çhere is no complexe conversion 
of propylene oxide inço çhe desired hydroxylaçed 
comvounds. This is indicted by çhe fct 
the theoreçical molecu]aï weih, based on a 
staçisçical avera, is reater than çhe molecular 
weihç calculaçed by usual meçhods on bsis of 
acetyl or hydroxyl value. is is çrue even in 
çhe case of  normal run of çhe kind noçed pre- 
viously. It is true ]so in rerd ço çhe oxy- 
propylation of simple compounds, for insçance, 
pençaerythriçol, sorbiçol, or çhe ]ike, which do 
noç show çhe abnoal chsïcteïisçics someçimes 
noted in the oxropylaçion of TC (tetï- 
methylolcyclohexanol). 
Acçu]ly, there is no completely satisfactory 
rnethod for deçeïminin molecular weihts of 
çhese çypes of conpounds with a hih deree of 
accuracy when the molecular weihts exceed 
2,000. In some instances, the aceçyl value or 
hydroxy] value serves as satisfactori]y as n index 
to çhe molecular %veihç as any oçher procedure, 
subject fo the above limitaçions, and especially in 
the hiher mo]ecular weihç ne. If eny dif- 
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ficutty is encounteïed in the manufacture of the 
esters as described in Par 2, the stoichio- 
mètrical amount of acid or ecid compound.should 
betaken which coïrespobds to the indicated 
5 acetyl or hydïoxyl value. This marrer bas been 
discussed in the literature and is a marrer of 
common knowledge and requires no fuïtheï 
elaboration. In fact, it is illustrated by some of 
the examples appearing i n :the..patent previousl 
10 mentioned. 
l". PAR.F 2 l l 
As previously pointed oui, the--p_êsen inven- 
tion is c0ncerned with acidic esteïs obtained from 
15 the oxypropy!ated derivati.vesdescribed in Prt 1, 
immediately pçecedin;-and, po!ycarboxy acids, 
particutarty dicarboxy acids sch-as edipic acid, 
phthalic cid, or. nhydïide;-.succinic acid, 
diglycollic acid, sebacic acid, azeleic acid, aconitic 
20 acid» malei.c acid or anhydride,citraconic acid or 
anhydrde,, maleic acid or anhydride adducçs, as 
obtained by the.Diels-Atdeï reaction OEïom pïod- 
ucts such as maleic anhydride, and .cyclo- 
pentadienë. Such acids sh.ould be heat-stbte so 
25 they are not-decomposed duïing esterification. 
They may contain as..many as 3.6 caïbon atoms, 
as, for example, the .acids obtained by dimeriza- 
tion of unsaturated ïatty acids, unsatuïated 
monocarboxy fatçy acids, or unsa.turated mono- 
 0 caïboxy acids having 18 carbon atoms. Refer- 
ence to the acid in the heïeto appended claires 
obviously includes the-anhydrides or any other 
obvious-equivalents. My preference, however, is 
 tOuse polycarboxy acids having hot over 8 caïbon 
35 atoms. 
The production Of esteïs includin acid esters 
(fractional .esters) from polycarboxy acids and 
lycols or. other hydroxylated compounds is wel! 
knov. Needlessto say, vaïious compounds may 
,!0 be used such as the !ow mo]al ester, the an- 
hydride, the acy] chloride, etc. l-Iowever, or 
purpos of economy it is customaïy to use either 
the acid or the anhydïide. A conventional 
procedu.ïe is employed. On a laboratory scale 
-:» one can emptoy a resin pot of the kind described 
in U. S, Patent No. 2,499,370, dated Match 7, 1950, 
 to De .Groote & Keiser, and particulaïly with one 
. .more opening to permit the use of a porous 
spread'er if hydïochloïic acid gas is to be used as 
. a catalyst. Such device or absorption spreader 
consists of minute alundum thimbles which re 
connected to a glass tube. One can add a sulfonic 
acid such as. païa-toluene sufonic acid as a cata- 
Iyst. There is some objection to this because in 
 - some instances theïe is some evidence that this 
acid catalyst tends to decompose or rearrange 
heat-oxypropylated compounds, and particuarly 
likely to do so if the esterification temperature is 
too bih. In the case of .polycarboxy acids such 
::- as dilycollic acid, which is stïongly acidic, there 
is no need to add any catalyst. The use of hydro- 
chloric gas has one advantage over païa-toluene 
sulfonic acid and that is that at the end of the 
reaction it can be removed by fiushing out with 
 nitroen, whereas there is no reasonably con- 
renient means avaHable of remo-ving the para- 
toluene sulfonic acid or othër sulfonic acid em- 
ployed, if hydrochloric acid is employed one 
need ony pass the gas thïough at an exceedingly 
7» s!ow rate so as to keeP the reaction mass acidic. 
Only afrace ef acid need be present. ï bave em- 
ployed hydroehoric acïd as or the aqueous acid 
}ts]f to eliminate the initial basic material. Iviy 
preference, howevor, is to use no catalyst vhatso- 
7..'5 e/er &d fo insure compiete dryness of the diol 
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as described in the final procedure just preceding 
Table 2. 
The products obtained in Part 1, preceding, 
may contain a basic catalyst. As a general pro- 
cedure, I bave added an amount of half-con- 
centrated hydrochloric acid considerably in 
excess of what is required fo neutralize the 
residual catalyst. The mixture is shaken thor- 
oughly and allowed to stand overnight. If is 
then filtered and refiuxed with the xylene present 
unti! the water can be separated in a phase-sep- 
arating trap. As soon as the product is substan- 
tially free from water the distillation stops. This 
pre!iminary step can be carried out in the fiask 
tobe used îor esterification, if there is any 
further deposition of sodium chloride during the 
reflux stage, needless fo say, a second filtration 
may be required, in any event, the neutral or 
s]ightly acidic solution of the oxypropylated 
derivatives described in Part 1 is then diluted 
further with sulïicient xylene :decalin, petroleum 
solvent, or the like, so that one bas obtained 
approximately a 65% solution. To this solution 
there is added a polycarboxyl.ated reactant, as 
previously described, such as phthalic anhydride, 
succinic acid, or anhydride, diglycollic acid, etc. 
The mixture is refiuxed untfl esterification is 
complete as indicated by elimination of water or 
dïop in carboxyl value. Needless fo say, if one 
produces a half-ester îrom an anhydride such as 
phthalic anhydride, no water is eliminated. 
Hov«ever, if it is obtained from diglycollic acid, 
for exampïe, water is eliminated. AI1 such pro- 
cedures are conventional and bave been so thor- 
ough]y descïibed in the literature that ïurther 
consideration will be limited fo a few examples 
and a comprehensive table. 
Other procedures for eliminating the basic 
residual catalyst, if any, can be employed. For 
examp!e, the oxya]kylation can be conducted in 
absence of a solvent or the solvent removed after 
oxypropylation. Such oxypropy]ation end prod- 
uct can then be acidified with just enough con- 
centrated hydrochloric acid to just neutralize 
the residual basic catalyst. To this product one 
can then add a small amount of anhydrous 
dium sulfate (sulïicient in quantity fo take up 
any water that is present) and then subject the 
mass fo centrifugal force so as fo eliminate the 
dehydrated sodimn sulfate and probably the 
dium chloride formed. The clear, somewhat vis- 
cous, straw-colored amber liquid so obtained 
may contain a small amount of sodium sulfate 
or sodium chloride, but in any event, is perfectly 
acceptable for esterification in the manner de- 
scribed. 
if is to be pointed out that the products here 
described are hot polyesters in the sense that 
there is a plurality of both diol radicals and 
acid radica]s; the product is chargcterized by 
huving on]y one dio] radical. 
In some instances, and in tact, in many in- 
stances, I have round tha.t in spire of the dehy- 
dration methods emp]oyed above a mere trace of 
water still cornes through, and that this mere 
trace of water certainly interferes with the acetyl 
or hydroxy] value determination, at least when 
a number of conventional procedures are used 
and may retard esterification particu]ar]y where 
there ]s no su]fonic acid or hydroch]oric acid 
present as a catalyst. Therefore, I have pre- 
ferred to use the following procedure: I have 
empleyed about 200 grains of the diol compound, 
as described in Part 1, preceding; I have added 
about 60 grams of benzene, and then refiuxed 
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this mixture in the glass resin pot uslng a 
phase-separating trap until the benzene carried 
out all the water present as water of solution 
or the equivalent. Ordinarily this refiuxing 
5 temperature is apt to be in the neighborhood.of 
130 ° to possibly 150 ° C. When all this water or 
moisture bas been removed I also withdraw ap- 
proximately 20 grams or a little less benzene 
and then add the required amount of a car- 
10 boxy reactant and als0 about 150 grams of a 
high bofling aromatic petroleum solvent. These 
so!vents are sold by various oil refineries, and, 
as far as solvent effect, ct as if they were al- 
most completely aromatic in character. Typical 
]5 distil]ation data in the particular type I have 
employed and. round very satisfactory is the 

2O 
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following: 
I. B. P., 142  50 ml., 242 ° C. 
5 ml., 200 ° U. 55 ml., 244 ° C. 
!0 ml., 209 ° C. : 60 ml., 248 C. 
15 ml:, 215 ° C. 65 ml.: 252  C. 
20 ml., 216 ° C. 70 ml., 252 ° C. 
25 ml., 220 ° C. 75 ml., 260 ° C. 
30 ml., 225 ° C. 80 ml., 264 ° C. 
35 ml., 230 ° C. 85 ml., 270 ° C. 
40 ml., 234 ° C. 90 ml., 280 ° (3. 
45 ml., 2377C. 95 ml., 307 ° C. 

After this material is added, refluxing is con- 
;;0 tinued and, of course, is af a high temperature, 
.to wit, about 160 ° fo 170 ° C. If the carboxy ter 
actant is an anhydride, needless fo say, no water 
of reaction appears; if the carb0xy reactant is 
an acid water of reaction shoul appear and 
:.5 shou]d be eliminated at the above reaction tema 
perature. If if is hot eliminated, I simply sep- 
arate out another 10 to 20 cc. of benzene b 
means of the phase-separating trap and thus 
raise the temperature fo 180 ° or 190 ° C., or even 
40 to 200 ° C., if need be. My preference is hOt fo 
go above 200 C. 
The use of such solvent is extremely satisfac- 
tory, provided dne does hot attempt to remoVe 
the solvent subsequently, except by vacuum dis- 
45 tillation, and provided there is no objection fo a 
little residue. Actually, when these materials 
are used for a purpose such as demulsification 
the solvent might just as well be allowed fo re- 
main. If the solvent is to be removed by dis- 
50 filiation, and. particularly vacuum distillation, 
then the high boiling aromatic petroleum sol- 
vent might well be replaced by some more ex- 
pensive solvent such as decalin or an alkylated 
decalin which has a rather definite or close range 
55 boiling point. The removal of the solvent, of 
course, is purely a conventional procedure and 
requires no e]aboration. 
In the appended table Solvent #7-3, which ap- 
pears in all instances, is a mixture of 7 volumes 
::: of the aromatic petroleum solvent previously de- 
scribed and 3 volumes of benzene. This was 
used, or a simi!ar mixture, in the manner pre- 
viously described. In a large number of similar 
examples decalin has been used but if is my 
; preference to use the above .mentioned.mixture, 
 and pa.rticular]y with the preliminary step of re- 
moving all the water. If one does hot intend fo 
remove the solvent my preference is fo use the 
petroleum solvent-benzene mixture although ob- 
ïo viously any of the other mixtures, such as de- 
calin and xylene, can be employed. 
The data included, in the subsequent tables, 
i. e., Tables 2 and 3, are self-explanatory .and 
very complete and it .is believed no. further 
75 elaborationisnecessary. . . .. : . . 
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TABLE2 

I Th^o [ol. 
 N Theo. [ g " Actual Wt. IAmt of 
-Ex No ofl xl 9" IIV/ I-y'" gy- [ Based I gyd. 
Amd Ester Cm - of V f droxyl on Cmpd. 
t , pa. ! g.C. l .o Value Actual} (grs.) 
lb ........ I la 1 025 I 109.5 I 119.5 940 / 213 
2b ........ la 1 025 109. 5 119. 5 940 [ .207 
ab ........ I la I 1,025 I 109.5 ! 119.5 940 200 
4b ........ la 1 025 I 109. 5 119. 5 940 200 
50 ........ t 2OE 995 28.0 46.0 2 440 200 
60 ......... 2a 28 0 46.0 9, 440 206 
70 ........ t 23 28.0 46.0 2 440 209 
80 23 28.0 46.0 2 440 200 
9i_-_-_-:_-ii a s.0 40.0 ,440 o9 
10b ....... 23 28. 0 46.0 2 440 206 
llb ....... 33 36. 3 64. 2 1, 750 208 
120 ....... [ 33 36 3 64 2 1,750 203 
130 ....... 33 36. 3 64. 2 1,750 208 
14b ....... 33 36. 3 64. 2 1 750 202 
150 ...... 43 79 4 79 0 1,420 206 
16b ....... 1 43 79. 4 79. 0 1 420 206 
170 ....... 43 79. 4 79.0 1,420 203 
18b ....... I 43 79.4 I 79. 0 1,420 206 
190 ....... I 50 21. T '1 47. 4 2, 370 201 
20b ....... -50 21 7 I 47 4 2, 370 203 
2Ib ...... I 5b 2I. 7 47. 4 2 370 200 
220 ....... I :50 21.7 [ 47. 4 2 370 201 

TABLE3 

Ex. No. of Acid 
Ester 

20 ............... 
3b ............... 
40 ............... 
60 ............... 
70 ............... 
95 ............... 
10b .............. 
Ilb .............. 
120 .............. 
130 ............... 
140 .............. 
150 .............. 
160 .............. 
170 .............. 
180 .............. 
190 .............. 
200 .............. 
2111 .............. 
220 ............. 

.%Ivent S oÎvmê* 
, (grs._____) 
7-3 ] 266 
7-3 i 239 
#7-3 242 
#7-3 [ 263 
#7-3 218 
#7-3 f 218 
#7-3 236 
226 
#7-3 225 
#7-3 236 
#7-3 217 
#7-3 234 
,7-3 I 240 
#7-3 227 
#7-3 I 231 
#7-3 I 249 
#7-3 I 220 
#7-3 [ 216 
#7-3 225 
#7-3 218 

Niaxtmum ] 
Tenîp., °C. I 
140 
130 
145 
158 
142 
155 
160 
152 
156 
168 
132 
153 
162 
146 
138 
15 
153 
153 
14 
15 
15 

Time of 
Esterifica- 
tion (hrs.) 
6 

Polycarboxy Reactaut 

Diglycolic Acid ....... 
Oxulic Acid ........... 
iV$ a]eic Anhyd ........ 
Phthalic Anhyd ...... 
Diglycolic Acid 
Oxalic Acid .......... 
Aconitic Acid ......... 
Pithalic Anhyd ....... 
Maleic Anhyd ........ 
Citraconie Anhyd ..... 
Diglycolic Acid ....... 
O xulie Acid ........... 
Citraconic Anhyd ..... 
Aconitic Acid ......... 
Diglycolie Acid ...... 
Oxu]ic Acid ........... 
Maleie Ahyd ......... 
Phthalic Anhyd ....... 
Diglycolie Aeid ....... 
Oxulie Acid ........... 
Phthalic Aïhyd ...... 
hI aleic Anhyd ....... 

Amt. of 
Poly- 
carboxy 
Reactant, 
grs. 
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The procedure for manufacturing the esters 
has been illustrated by preceding examples, if, 
for any reason, reaction does not take place in a 
mariner that fs acceptable, attention should be 
directed to the following details: 
(a) Pecheck the hydroxyl or acetyl value of 
the oxypropylated products of the kind specified, 
and use a stoichiometrically equivalent amount 
of acid; 
(b) if the reaction does not proceed with 
reasonable speed, either raise the temperature 
indicated or else extend the period of rime up to 
12 or 16 hours, if need be; 
(c) If necessary, use ç% of paratoluene sul- 
ïonic acid, or some other acid as a catalyst; and 
() If the esterification does not produce a 
clear product, a check should be ruade to see if 
an inorganic salt such as sodium ch!oride or 
sodium sulfate fs not precipitating out. Such 
salt should be eliminated, at least for explora- 
tion experimentation, and can be removed by fil- 
tering. 
Everything else being equal, as the size of the 
molecule increase and the reactive hydroxyl 
radical represents a smaller fraction of the en- 
tire molecule, thus more difficulty fs invo!ved in 
obtaining complete esterification. 
Even under the most carefuily controlled con- 
ditions of oxypropylation involving co!nparative 

ly low temperatures and long time of reaction, 
there are formed certain compounds whose com- 
positions are still obscure. Such side reaction 
products can contïibute a substantial proportion 
of the final cogeneric reaction mixture. Various 
suggestions have been marie as to the nature of 
these compounds, such as being cyclic polymers 
of propylene oxide, dehydration products with 
the appearance of a vinyÆ radical, or isomers of 
propylene oxide or derivatives thereof, i. e., of an 
aldehyde, ketone, or allyl alcohol. In some 
stances, an attempt to react the stoichiometric 
amount of a polycarboxy acid with the oxypropyl- 
ated derivative resu!ts in an excess of the car- 
boxyiated reactant for the reason that apparent- 
ly under conditions of reaction less reactive hy- 
droxyl radicals are present than indicated by the 
hydroxyl value. Under such circumstances there 
fs simply a residue of the carboxylic reactant 
which can be removed by filtration, or, if desired, 
the esterification procedure can be repeated 
using an..appropriately reduced ratio of carbox- 
ylic reactant. 
Even the determination of the hydroxyl value 
and conventional procedure leaves much to be 
50 desiïed due either to the cogeneric materials pre« 
viously referred to, or, for that matter, the pres- 
ence of any inorganic salts or propylene oxide. 
Obviously, this oxide should be eliminated. 
The solvent employed, if any, can be removed 
55 from the finished ester by distillation, and par- 
ticularly vacuum distillation. The final products 
or liquids are generally from almost water white 
or pale straw to a light amber in color, nd show 
moderate viscosity. They can be bleached with 
60 bleaching clays, filtering chars, and the like. 
However, for the purpose of demulsification or 
the like, color fs not a factor and decolorization 
fs not justified. 
In the above instances I bave permitted the 
65 solvents to remain present in the final reaction 
mass. tn other instances t have followed the 
" saine procedure, using decalin or a mixture of 
decalin or benzene in the saine manneï and ulti- 
mately removed all the solvents by vacuum 
ï0 tillation. 
PART 3 
Conventional demulsifying agents employed in 
the tïeatment of off field emulsions are used as 
such, or after dilution with any suitable solvent, 
ï5 such as water, petroleum hydrocarbons, such as 

60.5 
56.0 
41.6 
63.0 
22. 1 
21. 2 
29. 8 
24. 2 
16.8 
18.9 
31.6 
29. 2 
26.4 
40. 5 
38.8 
36.5 
28. 0 
43.0 
22.8 
21.6 
25.0 
16.7 

Water 
Out 
(cc.) 30 
8.1 
24.5 
5 3.0 
1 10.4 
2 3.1 35 
5 o. 2 
2 0.4 
4 4.2 
1 12.6 
4A 4.1 
4 5.0 !O 
! .... 1_5_._! 
4 ..... 
lj I 9.6 
4 / ........ 
2 ........ 45 
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ënzéné, ouene, xylene, tar acid oil, cresol, an- 
thracene off, etc. Alcohols, particularly ali- 
phatic alcohols, such as methyl alcohol, ethyl al- 
cohol, denatured alcohol, propyl alcohol, butyl 
alcohol, hexyl alcohol, octyl alcohol, butyl alco- 
hol, hexyl alcohol, octyl alcohol, etc., may be em- 
ployed as diluents. Itriscellaneous solvents such 
as pine oil, carbon tetrachloride, sulfur dioxide 
extract obtained in the refinïng of petroleum, 
etc., may be employed as diluents. Similarly, the 
material or materials employed as the demulsify- 
ing agent of my process may be admixed with 
one or more of the solvents customarily used 
in connection with conventional demulsifying 
agents, l!oreover, said material or materials 
may be nsed alone or in admixture with other 
suitable well known classes of demu!sifying 
sogents. 
If is well known that conventional demulsify- 
ing agents may be nsed in a water-soluble form, 
or in an oil-soluble form, or in a form exhibiting 
both oil- and water-solubility. Sometimes they 
may be nsed in a îorm which exhibits relatively 
limited oil-solubility, l-Iowever, since such rea- 
gents are frequently nsed in a ratio of 1 fo i0,000, 
or 1 fo 20,000, or 1 fo 30,000, or even 1 fo 40,000, 
or 1 fo 50,000 as in desalting practice, such an 
apparent insolubility in oil and water is not sig- 
nificant because said reagents undoubtediy bave 
solubility within such concentrations. This saine 
fact is true in regard fo the material or materials 
employed as the demulsifying agent of my process. 
In practicing my process for resolving petro- 
leum emulsions of the water-in-oil type, a treat- 
ing agent or demulsifying agent of the kind 
above described is brought into contact with or 
cansed to act upon the emulsion fo be treated. 
in any of the various apparatus now generally 
nsed fo resolve or break petroleum emulsions 
with a chemical reagent, the above procedure be- 
ing used alone or in combination with other de- 
mulsifying procedure, such as the electrical 
hydration process. 
One type of procedure is fo accumulate a vol- 
ume of emulsified oil in a tank and conduct a 
batch treatment type of demulsiflcation pro- 
cedure to recover clean oil. In this procedure 
the emulsion is admixed with the demu!sifier, for 
example, by agitating the tank of emulsion and 
slowly dripping demulsifier into the emulsion. 
In some cases, mixing is achieved by heating the 
emulsion while dripping in the demulsifier, de- 
pending upon the convection currents in the 
emulsion fo produce satisfactory admixture. In 
a third modification of this tYpe of treatment, 
a circulating purnp withdraws emulsion from, 
e. g., the bottom of the tank, and reintroduces it 
into the top of the tank, the demulsifier being 
added, for exampie, ai the suction side of said 
circulating pump. 
In a second type of treating procedtu-e, the 
mulsifier is introduced into the well fiuids at the 
well-head or at some point between the well- 
head and the fLual oil storage tank, by means of 
an adjnstable proportioning mechanism or pro- 
portioning pump. Ordinarfly, the fiow of fiuids 
through the subseqnent lines and fittings suf- 
fices fo produce the desired degree of mixing of 
demulsifier and emulsion, although in some in- 
stances additional mixing devices may be intro- 
duced into the fiow system. In this general pro- 
cedure, the system may include various mechan- 
ical devices for withdrawing free water, sepa- 
rating entrained water, or accomplishing quies- 
cent settling of the chemicalized emulsion. 

IIeating devices may likewise ,be incorporated in 
any of the treating procedures described herein. 
A third tYpe of application (down-the-hole) 
of demulsilïer to emulsion is to introduce the de- 
5 mulsilïer either periodicaliy or continuously in 
diluted or undiluted form into the well and to 
allow if fo corne to the surface with the well 
fluids, and then to lïow the chemicalized emul- 
sion through any desirable surface equipment, 
i0 such as employed in the other treating proce- 
dures. This particular type of application is 
decidedly nseful vhen the demulsLfier is nsed in 
connection with acidification of calcareous oil- 
bearing strata, especially if suspended in or dis- 
15 solved in the acid employed for acidiEïcation 
In all cases, it will be apparent from the fore- 
going description, the broad process consists sim- 
ply in introducing a relatively small proportion 
of demulshïer into a relatively large proportion 
.0 of emulsion, admixing the chemical and emul- 
sion either through natural flow or through spe- 
cial apparatus, with or without the application 
of heat, and allowing the mixture to stand quies- 
cent until the undesirable water content of the 
.5 emulsion separates and settles from the mass. 
The following is a typical installation: 
A reservoir to hold the demulsifier of the kind 
(diluted or madiluted) is placed at the well-head 
where the efISuent liquids leave the well. This 
30 reservoir or container, which may vary from 5 
gallons fo 50 gallons for convenience, is con- 
nected fo a proportioning pump which injects the 
demulsiîier dropwise into the fluids leaving the 
well. Such chemicalized lïuids pass through the 
35 lïowline into a settling tank. The settling tank 
consists of a tank of any convenient size, for 
instance, one which will hold amounts of lïuid 
produced in 4 fo 24 hours (500 barrels fo 2,000 
barrels capacity), and in which there fs a per- 
40 pendicular conduit from the top of the tank fo 
almost the very ,bottom so as fo permit the in- 
coming lïuids fo pass from the top of the set- 
tling tank fo the bottom, so that such incoming 
lïuids do not disturb stratification which takes 
45 place during the course of demulsification. The 
. setting tank has two outlets, one being below 
the water level to drain oit the water resulting 
from demulsilïcation or accompanying the emul- 
sion as free water, the other being an oil ourlet 
50 at the top to permit the passage of dehydrated 
oil fo a second tank, being a storage tank, which 
holds pipeline or dehydrated oil. If desired, the 
conduit or pipe which serres fo carry the lïuids 
from the well to the settling tank may include 
55 a section of pipe with balises fo serve as a mixer, 
to insure thorough distribution of the demulsi- 
fier throughout the lïuids, or a heater for raising 
the temperature of the lïuids to some convenient 
temperature, for instance, 120 ° fo 160 ° i., or 
60 both heater and mixer. 
Demulsilïcation procedure is started by simply 
setting the pump so as fo feed a comparatively 
large ratio of demulsifier, for instance, 1:5,000. 
As soon as a complete ",break" or satisfactory de- 
65 mulsllïcation is obtained, the pump is regulated 
until experience shows that the amount of 
mulsilïer being added is just suïTicient fo pro- 
duce clean or dehydrated off. The amount be- 
ing fed at such stage is nsually I: i0,000, 1:15,000, 
70 1:20,000, or the like. 
In many instances, the oxyalkylated products 
herein specilïed as demulsifiers can. be conven- 
iently used without dilution. However, as 
previously noted, they may be dilnted as desired 
5 with any suitable solvent, ior instance, by rnix-. 
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ing V5 parts, by weight, of an oxyalkylated de- 
rivative, for example, the product of Example 19b 
with 15 parts, by weiht, of xylene and 10 parts, 
by weiht, of isopropyl alcohol, an excellent de- 
mulsifier is obtained. Selection of the solvent 5 
will vary, dependin upon the solubflity charac- 
teristics of the oxyalkylated product, and, of 
course, will be dictated, in part, by economic 
considerations, i. e., cost. 
As noted above, the products herein described 
may be used not only in diluted ïorm, but a]so 
may be used admixed with some other chemical 
demulsifier. 
I-tavin thus described my invention what I 
claire as new and desire to secure by Letters Pat- 15 
ent, is: 
1. A process for .breaking petroleum emulsions 
of the water-in-oil type, characterized by sub- 
jectin the emulsion to the action of a demulsifier 
includin hydrophile synthetic products; said 20 
hydrophile synthetic products bein character- 
ized by the following formula: 
0 0 
I , I 
( ° ° c).''l I (° c3H)° I °(c3H°)"'l l(C ° °H)"" 5 
in which 1%' is the radical of a member of the class 
selected ïrorn 4,4' dihydroxydiphenyl su]forte, 2,4' 
dihydroxydiphenyl sulfone and a mixture of the 
two isomers; n and n' are numerals with the pro- 
viso that n and n' equal a sure varying from 15 30 
to 80, and n" is a whole number not over 2, and 
1% is the radical of the polybasic acid. 
C00tt 
(cooH).,, 
in which n" has ifs previous significance, and 
with the further proviso that the parent dihy- 
droxylated compound prior to esterflïcation be 
water-insoluble. 
2. A process for breaking petroleum emulsions 
of the water-in-oil type, characterized by sub- 
jecting the emulsion to the action of a demulsi- 
fier including hydrophile synthetic products; said 
45 
hydrophile synthetic products being character- 
ized by the followini formula: 
0 0 
(H 0 0 C),,RC (0 CH)0 R 0 (CH3 0),,.,C R(C 0 0H) ,, 
in which 1%' is the radical of a member of the 50 
class selected from 4,4' dihydroxydiphenyl sul- 
fone, 2,4' dihydroxydiphenyl sulfone and a mix- 
ture of the two isomers, n and n' are numerals 
with the proviso that n and n' equal a sure vary- 
ing from 15 to 80, and n" is a whole number not 55 
over 2, and 1% is the radical of the polybasic acid 
C00tt 
/ 
in which n" has ifs previous sinificance, and 
with the ïurther proviso that the parent dihy- 
droxylated compound prior to esterification be 
water-insoluble, and kerosene-soluble. 
3. A process for breaking petroleum emulsions 
of the water-in-oil type, characterized by sub- 

2O 
jecting the emulsion to the action of a demulsi- 
fier including hydrophile syntheic products; 
said hydrophile synthetic products being char- 
acterized by the following formula 
O O 
(H 0 0 C),,,,I C (0 C H)  0 I 0 (CH0) « C I(C 0 0H),, 
in which 1%' is the radical of a member of the 
class selected ïrom 4,4' dihydroxydiphenyl sul- 
10 forte, 2,4' dihydroxydiphenyl sulfone and a mix- 
ture of the two isomers; n and n' are numerals 
with the proviso that n and n' equal a sure vary- 
ing ïrom 15 to 80, and n" is  whole number hot 
over 2, and 1% is the radical of the polybasic acid 
C00tt 
/ 
(COOH)«, 
in which n" has ifs previous significance; said 
polycarboxy acid having hot over 8 carbon 
atoms; and with the further proviso that the 
parent dihydroxylated compound prior to ester- 
ification be water-insoluble, and kerosene-sol- 
uble. 
4. A process for breaking petroleum emulsions 
of the water-in-oil type, characterized by sub- 
jecting the emulsion to the action of a demulsi- 
fier including hydrophile synthetic products; 
said hydrophile synthetic products being char- 
acterized by the following formula: 
0 0 
(HO O C) RC', (O CH)O R'O (C3HO),C R(C O OH) 
in which 1% is the radical oï a membre" of the 
35 class selected from 4,4' dihydroxydiphenyl iul- 
fone, 2,4' dihydroxydipheny sulfone and a mix- 
ture of the two isomers; n and n' are numerals 
with the proviso that n and n' equal a sure vary- 
ing ïrom 15 to 80, and 1% is the radical of the 
40 polybasic acid 
C00H 
said dicarboxy acid having hot over 8 earbon 
atms; and with the further proviso that the 
parent dihydroxylated compound pror to ester- 
ieation be water-insoluble and kerosene-soluble. 
5. The process of claim 4 wherein the dicar- 
boxy acid is phthalic acid. 
6. The process of claire 4 wherein the dicar- 
boxy acid is maleic acid. 
7. The process of claire 4 wherein the dicar- 
boxy acid is succinic acid. 
8. The process of claire 4 wherein the dicar- 
boxy acid is citraconic acid. 
9. The process of claire 4 wherein the dicar- 
boxy acid is diglycollic acid. 
MELVIN DE G1%OOTE. 
60 
REFERENCES C'TED 
The following references are of record in the 
file of this .ptent: 
65 UNITED STATES PATENTS 
Number Naine Date 
2,562,878 Blair .............. Aug. 7, 1951 



